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SECTION 16950B 
TRANSFORMER SUPPLEMENTAL ACCEPTANCE TESTING 
(BUSHING PF, PARTIAL DISCHARGE, AND VIBRO ACOUSTICS) 


GENERAL 


SCOPE 


A. The Contractor shall engage the start-up and testing services of the field engineering service 


division of a major electrical distribution equipment manufacturer which maintains division- 
wide recognized specialized testing capabilities for the purpose of performing tests as herein 
specified. 


. The transformer shall be equipped with a continuous monitoring system to allow for pre-and- 


post shipment measurement of bushing power factor and internal partial discharges. In 
addition, vibro-acoustics testing shall be completed both prior to shipment and after final 
installation. Vibro-acoustics testing will indicate any initial internal winding looseness prior to 
shipment, and confirm that no additional internal stress has occurred during shipment and 
installation. These additional specified tests provide for immediate indication of any problem 
related to manufacturer, transportation, installation and start-up. In addition, these 
specifications provide a method to complete future predictive diagnostics, on-line, without 
any equipment outage, therefore providing extended life and increased equipment up-time. 


RELATED SECTIONS 
A. Section 16955 — Electrical Equipment Acceptance Testing and Start-up. 


APPLICABLE CODES, STANDARDS AND REFERENCES 
A. Allinspections and tests shall be in accordance with the following applicable codes and 


standards except as provided otherwise herein. 


1. National Electrical Manufacturer’s Association — NEMA 
2. American National Standards Institute — ANSI 

3. Institute of Electrical and Electronic Engineers — IEEE 
4. National Electrical Code — NEC 

5. National Fire Protection Association - NFPA 

6. American Society for Testing and Materials - ASTM 

7. Insulated Power Cable Engineers Association — IPCEA 
8. Association of Edison Illuminating Companies — AEIC 
9. Occupational Safety and Health Administration -OSHA 


10. State and local codes and ordinances 
11. Applicable Independent Testing Associations Specifications 
B. All inspections and tests shall utilize the following references: 


1. Project design specifications 
2. Project design drawings 
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3. Manufacturer's instruction manuals applicable to each particular apparatus. 


1.04 QUALIFICATIONS OF TESTING COMPANY 


A. 


The testing plan and procedures shall be reviewed and approved by one of the field 
engineering division’s registered professional electrical engineers. The registered 
professional engineer shall be a full-time employee of the engineering service testing group 
with at least 10 years of field experience testing electrical apparatus. 


The engineering service testing group shall be an independent division of a major electrical 
equipment manufacturer. 


The engineering service division site lead engineer, or project manager shall be a degreed 
engineer, who is a full-time employee, with at least 10 years of experience testing electrical 
apparatus, and has obtained factory training. All other employees working on this project 
shall have had specific factory, and/or field training in accordance with division-wide 
standards. 


To ensure compliance with standard quality control standards, the engineering service 
division shall conduct periodic audits of test procedures and test record forms to ensure 
compliance with consistent standards. In accordance with standard Quality Assurance 
practices, a Quality Assurance Manager, not reporting to the operation center completing the 
field testing services, must complete such audits. The name of the Quality Assurance 
Manager, or separate audit agency, shall be submitted for approval prior to award of any 
contract or completion of any field work. 


All test records shall be recorded onto standardized test forms. All data shall be uploaded to 
a central computer in a data-secured environment; therefore ensuring no changes can be 
incorporated into the final test records. These records shall be retrievable for a period of not 
less than five years, based on a mutually agreed periodic maintenance plan, separate from 
this contract. 


Should repairs be required, the engineering service division shall maintain dedicated 
locations that perform remanufacturing and reconditioning of electrical equipment. All repairs 
shall be conducted under the direction of a quality control and reconditioning standard 
pursuant to ISO 9001 compliance. A quality certificate, computer database and final test 
records shall document the progress of each piece of electrical equipment through the repair 
or reconditioning process. All work is to be performed to a consistent national standard. 
Documentation of periodic audits, as specified in item E above, shall also be maintained for 
the dedicated remanufacturing and reconditioning facility. 


. The engineering service testing group shall have a calibration program which maintains all 


applicable test instrumentation within rated accuracy. 
The accuracy shall be traceable to the National Bureau of Standards in an unbroken chain. 


Instruments shall be calibrated in accordance with the following frequency schedule: 
1. Field instruments — six to twelve months 
2. Laboratory instruments — twelve months 


Dated calibration labels shall be visible on all test equipment. 


K. Records must be kept up to date, which show date and results of all equipment tested. 


An up-to-date instrument calibration instruction and procedure will be maintained for each 
test instrument. 


16950B-2 12/02 


Alpha PSG Index [Numeric PSG Index Microsoft Word 


= 
1.05 
1.06 


TRANSFORMER SUPPLEMENTAL ACCEPTANCE TESTING 
SECTION 16950B 


SUBMITTALS 


A. The test report shall include the following: 
1. Summary of project 
Description of equipment tested 
Description of test 
Test results 
Conclusions and recommendations 
Appendix, including appropriate test forms 
List of test equipment used and calibration date 
Conditions for future access to secured computer database of all Test Data. 


OA NOAA FF Wh 


B. Furnish three copies of the completed report to the project engineer no later than 30 days 
after completion of the project, unless directed otherwise. 


SAFETY AND PRECAUTIONS 
A. Safety practices shall include, but are not limited to, the following requirements: 
1. Occupational Safety and Health Act of 1970 - OSHA 29CFR 1910.269 
2. National Fire Protection Association — NFPA 70E 
3. Applicable state and local safety operating procedures. 
B. Bushing PF, Partial Discharge, and Vibro-acoustics testing shall be performed with 
apparatus energized except where otherwise specified. 


C. The engineering service testing group’s lead test engineer for the project shall be a 
designated safety representative and shall be present on the project and supervise testing 
operations and safety requirements. In all cases, work shall not proceed until the safety 
representative has determined that it is safe to do so. 


D. The engineering service testing group shall have available sufficient protective barriers and 
warning signs, where necessary, to conduct specified tests safely. 


E. The owner’s safety procedures shall be reviewed and understood by the engineering service 
testing group personnel. 


PART 2 PRODUCTS 


2.01 


2.02 


TRANSFORMERS WITH PRIMARY VOLTAGE 34.5 KV AND ABOVE 


EQUIPMENT EVALUATION PREPARATION 


A. There shall be available a suitable and stable source of test power for testing at each test 
site. The engineering service testing group shall specify requirements. 


B. The engineering service testing group shall be notified when equipment becomes available 
for electrical tests. 


C. The customer designated project engineer or consultant will supply a complete set of as-built 


electrical plans, specifications and any pertinent change orders to the engineering service 
testing group prior to commencement of testing. 
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Any system, material or workmanship which is found defective on the basis of electrical tests 
shall be reported directly to the owner or his representative. 


The engineering service testing group shall maintain a written record of all tests and upon 
completion of the project, assemble and certify a final test report. 


2.03 TRANSFORMER BUSHING MONITORING 


A. 


D. 


The system shall monitor the changes in the bushing insulation, for the set of three bushings 
in a group, based on changes in bushing capacitance or bushing power factor through the 
change of the complex conductivity of a three-phase bushing group. The system shall detect 
changes of the power frequency current through the bushing insulation. If the transformer 
has 6 or 9 bushings (two or three windings), additional systems will be installed as required. 
The measured current through the bushing insulation shall not be less then 2 mA. The 
system must also provide provisions for the connection of instrumentation for periodical 
partial discharge measurements using portable equipment without requiring a transformer 
outage, or any modifications to the sensing circuit. Equipment shall be Cutler-Hammer or 
equivalent, based on pre-approval of proposed equivalents. 


Sensors. Power Factor sensors shall be connected to the bushing capacitance taps. All 
sensors shall be designed for outdoor installation within the ambient temperature minus 50 
degrees C to plus 50 degrees C. Insulation level (withstand 1 minute AC voltage) between 
primary and secondary circuits shall be: bushing sensor 1.5 kV plus overvoltage protection; 
neutral sensor 15 kV; tank, core or cable shield grounding 2.5 kV; and isophase sheath 1.5 
kV. The sensor system shall also include overvoltage protection to suppress all 
overvoltages, arising during transformer operation, below this level. Temperature sensor, if 
used with a digital device, shall be of a standard RTD type. Sensors must also provide 
provisions for periodic partial discharge measurements on-line, using separate 
instrumentation designed for this purpose. 


Instrumentation. Instrumentation shall be capable of precise continuous measurement of the 
capacitive current through the bushing insulation while the transformer is energized. The 
minimum detectable change in current shall be 0.1% of the initial current. The temperature 
deviation of the signal shall be in the same order. The display shall be available from the 
bushing monitoring instrumentation for one complex PF signal per bushing group, which will 
include the display of the current power factor value. The following output signals shall be 
provided as required: Two alarm signals (dry contacts) for a local alarm system, and 
additionally 4-20 mA DC output for an analog re-transmitting or serial interface for digital re- 
transmitting. Instrumentation must be completely isolated from high voltages and feature 
immunity to high voltage transients. Full field calibration procedures must be supplied with 
the instrument’s operation manual. All necessary connections for the selected options above 
shall be supplied with start-up and base-line calibration. 


Software (Digital Option). Specified software shall be suitable for Windows 95 or higher O/S 
based software with the following features: display of PF value for the group of three 
bushings (up to three groups), storage and trending of the PF value for all monitored groups 
(up to three), trending PF readings versus temperature, alarm threshold setting, alarming 
upon PF reaching the preset thresholds, printing and plotting of the historical data. 


Calibration, Manuals, and Base-Line Measurements. The equipment manufacturer shall 
provide full field calibration and start-up. A separate independent power factor test is required 
of each bushing as part of the start-up and calibration process. Transformer bushings shall 
be calibrated and base-line measurements obtained. Part of the field start-up service shall 
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include obtaining a post-installation base-line measurements to ensure no detects have 
resulted during bushing installation and/or transformer installation and start-up. A report with 
any appropriate recommendations shall be provided. A complete manual shall be supplied 
for both the instrumentation and the software describing the operation of the instrumentation, 
calibration and troubleshooting. 


2.04 ON-LINE TRANSFORMER PARTIAL DISCHARGE MONITORING 


A. 


Partial discharge sensors shall be installed to allow for on-line PD measurements. Partial discharge 
measurement shall be periodically obtained while the transformer is on-line and in normal operation, 
using separate instrumentation designed for this purpose. The measurement system shall assess 
the insulation condition based on PD measurement of the bushings and the transformer windings 
insulation. The system shall also be capable of detecting sparking in the core, sparking associated 
with bad connections and sparking associated with the static electrical discharges. The system 
sensitivity shall be no less then 5 pC in a noise-free environment and no less then 35 pC in the high 
noise environment associated with corona in substations up to 750 kV, including radio transmitters 
and solid-state protective relays. Equipment shall be Cutler-Hammer or equivalent, based on pre- 
approval of proposed equivalents. 


. Sensors and Instrumentation. Sensors shall be non-invasive and have no connection to the 


energized components. Sensors shall be designed for outdoor installation within the ambient 
temperature minus 50 degrees C to plus 50 degrees C. Sensors shall be connected, as required 
based on the field conditions, to the following locations: bushing capacitor taps, transformer neutral 
connection, tank grounding, core grounding, electrostatic shield grounding, surge arresters, 
Isophase bus enclosure bonds and grounds. The sensor frequency range of operation shall be 500 
kHz to 50 MHz. Insulation level (withstand 1 minute AC voltage) between primary and secondary 
circuits shall be: bushing sensor 1.5 kV plus overvoltage protection; neutral sensor 15 kV; tank, core 
or cable shield grounding 2.5 kV; and isophase sheath 1.5 kV. The sensor system shall also include 
overvoltage protection to suppress all overvoltages, arising during transformer operation, below this 
level. Part of the field start-up service shall include obtaining post-installation base-line 
measurements to ensure no defects have resulted during bushing installation and/or transformer 
installation and start-up. A report with any appropriate recommendations shall be provided. 


Measurement Parameters. The instrumentation shall measure the following: apparent discharge 
magnitude of each impulse, number of impulses per cycle, phase position of each discharge 
impulse, impulse repetition rate, impulse discharge power, and peak discharge magnitude of the 
impulses. The following quantities shall be plotted and displayed in a report format: apparent 
discharge magnitude of each impulse, number of impulses per cycle, phase position of each 
discharge impulse, impulse repletion rate, impulse discharge power, peak discharge magnitude of 
the impulses, impulse count vs. PD magnitude vs. phase position representation (3D graph) and 
impulse PD power. 


Analysis Software. Suitable Windows 95 or higher software shall be utilized by an expert monitoring 
company, during periodic measurements, with the following features: display of PD data, statistical 
processing of the PD data, data storage and editing, and instrumentation control. All data from the 
test shall be automatically saved to a hard disk in a data base format. The stored data format shall 
be compatible with MS Windows applications Word, Excel, Access and other. All standard 
“Microsoft Windows’ control functions such as printing and cut & paste operations shall be available 
within the software. Upon initiation, the software shall perform self-diagnostic procedures to ensure 
all components are operating correctly. 


E. Calibration, Manuals and Base-Line Measurements. Part of the field start-up service shall 
include obtaining a post-installation base-line measurements to ensure no detects have 
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resulted during bushing installation and/or transformer installation and start-up. A report with 
any appropriate recommendations shall be provided. Training will be provided with a manual 
of the instrumentation, sensors and performing the diagnostics and the interpretation of the 
results. 


2.05 VIBRO-ACOUSTIC ANALYSIS OF TRANSFORMERS 
Vibro-acoustics testing shall be completed both prior to shipment and after final installation. 
Vibro-acoustics testing will indicate any initial internal winding or core looseness prior to 
shipment, and confirm that no additional internal stress has occurred during shipment and 
installation. Equipment shall be Cutler-Hammer or equivalent, based on pre-approval of 
proposed equivalents. 


A. 


Measurements. Vibro-acoustics is based on collecting steady-state vibro-acoustic data off 
the transformer tank under two load conditions and subsequent automated analysis of the 
energy distribution among different frequencies in this vibration data. The first measurement 
at no-load will be obtained prior to shipment. A subsequent, postinstallation, no-load, vibro- 
acoustic measurement will also be completed on-site to verify no internal stresses resulted 
during shipment or installation. After the unit is loaded to approximately 50%, or greater, or at 
whatever the highest load attainable during start-up, a second set of measurements shall be 
obtained. Two subsequent measurements, at 6 and 12 months, following continuous on-line 
operation, will also be obtained. Further follow-up measurements will be on an as determined 
basis. Measurements will be made at 12 locations on the transformer tank, 6 on HV side of 
the transformer tank and 6 on its LV side (the HV side means here the side with HV 
bushings, and LV side means the side with LV bushings). 


Technology. Under the application of magnetostriction and electrodynamic forces the core 
and winding will vibrate creating the steady-state oscillations of several frequencies. Vibration 
pulses from windings and core travel through transformer oil and reach the tank walls. The 
closer the vibrating element to the tank, the higher is its contribution, so for better 
discrimination of the contributing elements several sensors and several modes of 
transformer operation are used. Piezoelectric accelerometers (frequency range: 10-1000 
Hz) attached to magnetic base, are used to collect the signal. Theoretically, the spectrum of 
a steady-state vibration for the ideal transformer has to contain mainly three odd harmonics 
multiple to the electromagnetic force frequency, i.e., to doubled power frequency (120 Hz). 
The 1st harmonic is created both by the magnetostriction forces in the core and by the 
electrodynamics forces in the windings. The 3rd and the 5th harmonics are created by the 
saturation of the magnetic core and lead to a symmetrical distortion of the vibration signals 
relative to the time axis. In real transformers, the vibration of loosened stand-alone winding 
turns or individual core punches superimposes additional higher frequencies onto the main 
signal frequencies. Increasing looseness causes higher harmonics with higher magnitudes. 
To distinguish between the contributions of core and windings, the measurements are 
performed twice, in no-load and full load modes. In no-load mode electrodynamic forces in 
the windings are practically non-existent, and the vibration relates to the magnetic core 
condition only. In the load mode both components are presented. As it is possible to 
subtract, from the full graph recorded, the spectrum for no-load condition, then it is possible 
to calculate the spectrum related to the winding vibration only. This approach is justified by 
the fact that the magnetic flux in the core is almost independent of the load. The heavier 
transformer loading is during the test, the more accurate is the result. 


C. Data Interpretation and Reporting. The computer with specialized software will perform data 


analysis and transformer condition evaluation. It converts recorded signals using Fast 
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Fourier Transformation, detects significant harmonics and calculates the rms value of 
vibration velocity. The following coefficients are calculated for each sensor location: 
coefficient of winding compression (Ky;), coefficient of core compression (Kc;), coefficient of 
compression along leakage flux paths (Kx;), and the total compression coefficient (Kr). 


These coefficients reflect residual clamping pressure values. These quantitative evaluation 
coefficients (values) are calculated by specialized software. The qualifications are: 1 —0.9 
indicates a Good condition (Relative clamping pressure is within 1.0 — 0.6 of initial); 0.9 -0.8 
indicates a Fair condition (Relative clamping pressure is within 0.6 — 0.2 of initial); 0.8 and 
less indicates an Alarm condition (Relative clamping pressure is less than 0.2 of initial). After 
start-up and installation testing, clamping pressure checking should be performed at least 
once in 2 years, and after severe short-circuit current impacts. This technology can also be 
used after an outage to verify repairs, if any. 


The final report shall evaluate the core clamping pressure, winding clamping pressure and 
any construction looseness. 


2.06 TRADITIONAL TRANSFORMER START-UP AND ACCEPTANCE TESTING 


A. 


PART 3 


3.01 


The above transformer testing is in addition to traditional transformer factory and field 
acceptance testing in accordance with ANSI, IEEE, and other applicable testing standards. 
For example, a separate independent power factor test is required of each bushing as part of 
the start-up and calibration process. These additional specified tests provide for immediate 
indication of any problem related to manufacturer, transportation, installation and start-up. In 
addition, these specifications provide a method to complete future predictive diagnostics, on- 
line, without any equipment outage, therefore providing extended life and increased 
equipment up-time. 


EXECUTION 


FIELD TESTING 


A. 


B. 


The field engineering service testing group shall provide all material, equipment, labor and 
technical supervision to perform such tests and inspections. 


Upon completion of the tests and inspections noted in these specifications, a label shall be 
attached to all serviced devices. These labels will indicate date serviced and the engineering 
service testing group responsible. 


The tests and inspections shall determine suitability for initial continued reliable operation. 
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